Abstract. The 1998 Antarctic plate earthquake produced clusters of aftershocks (M w ≤6.4) up to 80 km from the fault rupture and up to 100 km beyond the end of the rupture. Because the mainshock occurred far from the nearest plate boundary and the nearest recorded earthquake, it is unusually isolated from the stress perturbations caused by other earthquakes, making it a good candidate for stress transfer analysis despite the absence of near-field observations. We thus tested five proposed source models for the main rupture. We find that for 4 of the 5 models, 64-93% of the off-fault aftershocks lie in regions brought closer to Coulomb failure by the main rupture, typically by 1-2 bars (0.1-0.2 MPa). The Antarctic plate event, together with the 1992 M w =7.3 Landers and its M w =6.5 Big Bear aftershock 40 km from the main fault, supply evidence that small stress changes can indeed trigger large earthquakes far from the main fault rupture.
Introduction
The 25 March 1998 M w =8.1 Antarctic plate earthquake is one of the largest oceanic strike-slip events ever recorded. In addition to its spectacular size, the earthquake has two unique characteristics that motivate our study. The first is that the mainshock from the main rupture. Here we find that the presence of the remote southern and western aftershocks can be explained by the calculated Coulomb failure stress increases.
Methods and Assumptions
We calculate the static Coulomb failure stress change, which is expressed as ∆σ f = ∆τ -µ ∆σ , where ∆τ is the shear stress change resolved on a given failure plane (reckoned positive in the direction of fault slip), ∆σ is the normal stress change (positive in compression) and µ is the coefficient of friction. Positive values of the Coulomb stress change are interpreted to promote failure, negative values to inhibit failure. We compute stress changes in an elastic halfspace [Okada, 1992] with a shear modulus of 3.2 × 10 10 Nm -2 and a Poisson's ratio of 0.25. See King et al. [1994] , Harris et al. [1995] , and Harris [1998] for discussion about the method.
For the Antarctic plate earthquake, we consider source models of McGuire et al.
[1998], Nettles et al. [1999] , Henry and Das [1999] , and Antolik et al. [1999] . The faults are shown in Fig. 1 , and slip functions in Fig. 2 . All models have been constrained by their authors to pass through the NEIC epicenter, which has a ~15-km location uncertainty, and all show a concentration of slip near the CMT epicenter ( Figure 2) . Nettles et al.
[1999] found two main subevents separated by 125 km, the first subevent having twice the moment of the second, so we also consider the possibility that the second subevent was triggered by static stress transfer from the first, 60 sec later.
While the rupture length is determined in each source model by waveform inversion, the fault width (its down-dip dimension) is poorly constrained. The width is crucial to our study, however, because the fault length-to-width ratio controls the intensity of the stress-change lobes off the slipped fault. A long rupture relative to its width, such as the Great 1906 San Francisco earthquake, profoundly drops the stress athwart or off the fault, whereas a short fault produces intense off-fault lobes in which failure is promoted . Here we set the fault width of all but the Antolik et al. [1999] model to 30 km, for the following reasons. The oceanic crust is 35-55 my old at the site of the Antarctic plate earthquake, [Müller et al., 1997] . Such an age yields a 27-38 km depth of the 700-800° isotherm [Parsons and Sclater, 1977] , which Stein [1983, 1984] found corresponds to the thickness of the seismogenic lithosphere. If, on the other hand, the fault width were less than 15-20 km, the slip would be unrealistically high for its moment. Wells and Coppersmith [1994] , for example, report 11 m as the peak observed slip in M w =8 continental strike-slip events, whereas a width of 15 km would yield a mean slip of 25 m for the Antarctic event. We calculate the stress changes at a depth of 15 km, half the fault width, although our sensitivity tests indicate that the stress patterns are largely unchanged at depths of 5-25 km.
To assess the spatial association between aftershocks and the calculated static stress changes, we use the locations of the five largest aftershocks from the Harvard CMT catalog, as well as the locations of 17 m b ≥3.7 aftershocks from Nettles et al. [1999] using JHD relocations with residuals less than 3.5 sec; and 31 m b ≥3.9 events from Antolik et al.
[1999] using a 3D harmonic earth model. Since we are focused on the stress transfer to the site of off-fault shocks, we resolve the Coulomb stress changes on vertical, leftlateral faults striking 275°, the average strike of the left-lateral nodal plane of the mainshock and the five largest aftershocks (Fig. 1) .
Results
Calculated Coulomb stress changes are sensitive to the assumed friction coefficient. Friction controls the distribution of the Coulomb stress change off the fault.
As µ increases, the off-fault lobes grow in size and shift into the dilatant quadrants, where faults are unclamped. We have set µ = 0.8 because a high value of friction fits the aftershocks distribution best. Friction of 0.8 is consistent with laboratory experiments for
Page 5 dry rock samples [Byerlee, 1978] . In a stress-transfer study, Parsons et al. [1999] found that µ ≥ 0.8 for faults that lacked significant cumulative slip, which is likely true for the Antarctic plate fault. In the presence of high fluid pressures or extensive fault gouge, however, µ could be as low as 0.0-0.2, in which case the southern aftershocks could not be explained as a consequence of static stress transfer. (Fig. 3a) . Some 87-94% of the aftershocks lie in regions brought closer to failure by the first subevent of Nettles et al. [1999] (Fig. 3b) . In addition, the rupture surface of the second subevent in Nettles et al. is brought 0.5-2.0 bars (0.05-0.20
MPa) closer to failure by rupture of the first subevent, (for this calculation, we resolved the stress changes on the 270° strike of the second subevent).
More detailed slip functions yield more diverse results, in which two models fit the aftershock distribution well, and one does not. When we consider both subevents of Nettles et al. [1999] , 55-64% of the aftershocks lie in regions where stress is calculated to have increased (Fig. 3c) . The 360-km-long variable slip model of Henry and Das [1999] produces the broadest stress shadow, although it displays western and southern offfault zones similar to that of McGuire et al. [1998] . Some 53-67% of aftershocks lie in regions brought closer to failure; if the Henry and Das source is shifted 18 km to the east, within the 25-km location uncertainty, 76-85% of the aftershocks lie in regions brought closer to failure (Fig. 3d) . Because of its more heterogeneous slip distribution (Fig. 2) , the Antolik et al. [1999] model produces numerous off-fault lobes (Fig. 3e ). In this model, faulting extends through the western aftershock cluster, and the southern cluster lies in the stress shadow. Thus, none of the off-fault aftershocks lie in regions brought closer to failure, regardless of the nodal plane used to resolve the stress changes.
Discussion and Conclusions
For all but the Antolik et al. model, 60-94% of the off-fault aftershocks lie in regions calculated to have been brought closer to failure. This percentage rises to 85-93% when two models are shifted 18-25 km eastward. Such a displacement is within the relative location error of the source models (Fig. 1) . The aftershock-stress association is, however, predicated on the assignment of a 30-km fault width and the assumption of a high coefficient of friction, which we can not independently verify. We therefore evaluated the significance of the aftershock-stress correlations with the equal-tails test of the null hypothesis that the association is random, taking into account the degrees of freedom inherent in our modeling (setting the friction coefficient, width, and for some correlations, shifting the location of the source). In seven cases, the correlations are significant at the ≥99% confidence level; these include the McGuire et al. model when shifted 25 km east (Fig. 3a) ; the Nettles et al. first subevent (Fig. 3b) km east (Fig. 3d) . All but one of these correlations is significant when using either the (Fig. 3c) ; Henry and Das, unshifted], and five are not significant (<95%). Thus, most of the tested Antarctic plate source models are consistent with off-fault and fault-end shocks being triggered by stress increases of more than 1-2-bars (0.l-0.2 MPa).
In contrast to the off-fault shocks, aftershocks along the source faults, or within Coulomb stress increase. This may be because the detailed pattern of slip is poorly resolved, and thus the stress changes close to the fault are unknown. Further, we calculated the stress changes on vertical, left-lateral planes striking 275°. If some of the aftershocks near the fault occur on secondary faults with different orientations, the calculated stress change would be different. Another feature common to all the models is that there are few aftershocks in the northern off-fault lobe or the eastern fault-end lobe (Fig. 3) . We speculate that the secular stresses buildup at the transform plate boundary (Fig. 1 ) may inhibit failure to the northeast of the Antarctic plate shock. 
